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(54) RADIO-WAVE ABSORBER 

(57) The present invention is a radio wave absorber 
having a high absorption performance for an electro- 
magnetic wave of a high frequency and made thinner. 
The radio wave absorter comprises one or more mag- 
netic layers including a magnetic material having a mi- 
cro organization structure whose particle diameter Is 
controlled to 1 to 100 nm. A radio wave absorbing sheet 



(2) comprises one magnetic layer formed by preparing 
as such a magnetic material including Fe, Co and Nl, 
which are ferromagnetic elements, or a material includ- 
ing an alloy containing Mn, as powder, and dispersing 
this powder into polymeric material and the like, and It 
has a radio wave absorption perfomiancefora relatively 
near electromagnetic field. 
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Where, I'rs an Imaginary number unit, and c/la a thick- 
ness of a radio wave absorber. 
[0008] Conventionally, a radio wave absorber of the 
impedance matching type for a high frequency band of 
1 GHz or more uses an oxide-containing magnetic ma- 
terial, such as fenite or the like, having a high electric 
resistance, In many cases. For example, rubber ferrite 
Is wfdely used. Among the ferrltes, a spinel type fenrite 
is widely used in the IVIHz band, and a hexagonal ferrite 
is widely used In the GHz band. In the radio wave ab- 
sorber of the impedance matching type, determination 
of a constant of the material determines a matching fre- 
quency and a matching thickness. For example, when 
the rubber ferrite is used for an electromagnetic wave 
of 2.45 GHz, its thickness becomes about 1 cm on the 
basis of the equation (2). Conventionally, the radio wave 
absorber of this thickness has been used. Aiso» In the 
radio wave absorber having a single layer structure of 
a magnetic layer using Ba (Fe, Tl, Mn)i20i2 type mag- 
netic material, one of the hexagonal ferrltes, fts thick- 
ness becomes about 3 mm with regard to the electro- 
magnetic wave in the vicinity of 5 GHz. 
[0009] However, with the progress of miniaturization 
of the electronic apparatus, such as a portable informa- 
tion terminal, for example, there Is a need for making 
ttie radio wave absorber thinner to reduce the proportion 
of a radio wave absorber size to the apparatus size. It 
is desired to develop a radio wave absorber that is made 
thinner and lighter, while keeping its absorption peiform- 
ance of the radio wave, by using a material having a 
higher relative magnetic pemiBability. Also, convention- 
ally, as the materials used for the radio wave absorber 
of the impedance matching type, therearecarbonyl iron 
and foam styroi carbon, and as a soft magnetic sub- 
stance - resin composite, an Fe-Sl containing material, 
an Fe-Si-AI containing material, an Fe-Si-B containing 
material, an electromagnetic stainless containing mate- 
rial and the like are used. However, even if any of them 
is used, it is impossible to make the thicl<ness thinner 
while keeping the absorption performance, 
[0010] Also, recently, a thin film material containing 
Co Is known as a material having a high relative mag- 
netic pernieability enough to cover up to the high fre- 
quency band. As disclosed in Japanese Patent Apptlca- 
lion Laid Open No. Hei 1 0-241 938, for example. Accord- 
ing to this disclosure, the high magnetic permeability 
and the high electric resistance can be both attained in 
a Co-NI-AI-O thin film or the like by adopting a granular 
structure composed of two of more kinds of micro struc- 
ture such as micro magnetic particles having particle di- 
ameters controlled to about 4 to 7 nm, and a grain 
boundaries of extremely thin ceramic film sun-ounding 
them. However, rn this case, the thin film material was 



manufactured as a thin film by using a sputtering appa- 
ratus, and it can not be a material actually usable as the 
radio wave absorber. 

[0011] The present invention Is proposed in view of 
5 the above mentioned circumstances. It is therefore an 
object of the present Invention to provide a radio wave 
absorber having a high absorption perfomnance for an 
electromagnetic wave of a high frequency and being 
made thinner. 

10 

DISCLOSURE OF THE INVENTION 

[0012] In order to solve the above-mentioned prob- 
lems, the present invention provides, in a radio wave 
15 absorber for absorbing an unnecessary electromagnet- 
ic wave, the radio wave absorber characterized by com- 
prising one or more magnetic layers including a mag- 
netic material having a micro organization structure in 
which a particle diameter Is controlled to 1 to 100 nm. 
[0013] In such a radio wave absoiter, since the mag- 
netic material having the micro organization structure in 
which the particle diameter is controlled to 1 to 100 nm 
Is used for the magnetic layer, it can have a high electric 
resistance and a high relative magnetic permeability for 
an electromagnetic wave of a high frequency, and its 
absorption performance can be made higher and it can 
be made thinner and lighter. Also, it is configured such 
that a conductor is adhered on a surface opposite to an 
incident surface of the electromagnetic wave In this 
magnetic layer. Thus, a thin radio wave absorber of an 
impedance matching type can be configured for a rela- 
tively far electromagnetic field away from a wave source 
by X/B or more. IWoreover, this magnetic layer is formed 
by dispersing powder made of magnetic material includ- 
ing any of a material containing one or more of Fe, Co 
and Ni or an alloy containing Mn, into polymeric material. 
Thus, it will be possible to provide a radio wave absoriser 
more freely in its shape , such as a sheet, a paste, an 
injection molding product and the likeand also possible 
to reduce a manufacturing cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 shows a diagrammatic view of a magnetic ma- 
terial used In the present invention; 
Fig. 2 Is a view showing a structure of a radio wave 
absorbing sheet for a near electromagnetic field; 
Fig. 3 shows a cross sectional view of a radio wave 
absorbing sheet for a far electromagnetic field; 
Fig. 4 siiows a cross sectional view of a radio wave 
absorbing sheet having a multi-layer stmcture for 
the far electromagnetic field; 
Fig. 5 is a view showing radio wave absorption char- 
acteristics based on a design example of the radio 
wave absorbing sheet; 

Fig. 6 is a view showing absorption characteristics 
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polymeric material, It is possible to use chlorinated pol- 
yethylene, rubber type materfai, ABS resin, poly-factic- 
acid having biodegradability and the iil<e. Also, thermo- 
setting resin, photo-curable resin and the like may be 
used to be cured. Moreover, concrete, ceramics and the 
like may be used instead of the polymer. 
[0023] An example of the radio wave absorber for the 
far electromagnetic field will be described below. Rg. 3 
shows a cross sectional view of the radio wave absorb- 
ing sheet for the far electromagnetic field. 
[0024] As mentioned above, the radio wave absorber 
of the impedance matching type Is used for the plane 
wave rn the relatively far electromagnetic field whose 
distance from the wave source is )JS {X: wave length of 
electromagnetic wave) or more. In such a radio wave 
absorber of the impedance matching type, non-reflec- 
tion at a target frequency can be attained by designing 
a material constant to satisfy the above mentioned 
equation (2), and further controlling a thickness of a ra- 
dio wave absorbing layer. A radio wave absorbing sheet 

3 shown in Fig. 3 is a radio wave absorber of the imped- 
ance matching type, and ft has a structure having a mag- 
netic layer 31 and a conductor 32 adhered on a surface 
opposite to an incident surface of the electromagnetic 
wave of this magnetic layer 31. The material used to 
form the magnetic layer 31 and the generating method 
are similar to the case of the magnetic layer of the above 
mentioned radio wave absoriaing sheet 2. Also, as the 
conductor 32 backed on the magnetic layer 31 , it is pos- 
sible to use a metallic film such as aluminum foil, carbon 
film, ITO film and the like. These materials may be gen- 
erated as an evaporated film and a sputter film. Moreo- 
ver, the metallic surface of the structure on which this 
radio wave absorbing sheet 3 is placed may be config- 
ured so as to correspond to this backed conductor. 
[0025] Als 0, there may be a case where a radio wave 
absorber having a multi-layer structure containing the 
magnetic layer made of the above mentioned material 
is used as the radio wave absorber of the impedance 
matching type. Fig. 4 shows a cross sectional view of 
the radio wave absorbing sheet having the multi-layer 
structure for the far electromagnetic field. 

[0026] A radio wave absorbing sheet 4 shown in Fig. 

4 Is configured such that a dielectric layer 41 using a 
dielectric material and a magnetic layer 42 are laminat- 
ed from an incident surface side of an electromagnetic 
wave as a radio wave absorbing layer, and a conductor 
43 is backed thereon, (n this radio wave absorbing sheet 
4, the magnetic layer 42 having a high relative magnetic 
permeability is fonned on the side of the backed con- 
ductor 43, and the dielectric layer 41 is formed on the 
incident surface side of the electromagnetic wave. Ac- 
cordingly, an impedance of the Incident surface is made 
close to a space impedance so that a reflection amount 
is suppressed to thereby lead to an easy matching be- 
tween phases of reflection waves. The dielectric layer 
41 Is fonned by dispersing the dielectric material into a 
polymeric base material. As this dielectric material, it is 



8 

possible to use ceramics, such as ceramics of 
BaO-TiOg, PbTiOg-PbZrOa (PZT), PbOa-LisOa-ZrOg- 
Ti02 (PLTZ s). MgTiOs-CaTiOs, BaMg-i^j^Ta^Oa, 
BZn^.j^Ta^Og, BaaTiOa, Zr^.j^Sn^^TiO^, BaO-MdgOg-TiOa, 

5 Pb^.^Ca^ZrOa, PbTi03-PrZr03-PbB.,(^.j(jB2(x)03, and 
the like. By the way, the structure of the radio wave ab- 
sorbing sheet of the multi-layer structure is not limited 
to this, it is possible to design the structure to have a 
plurality of magnetic layers or dielectric layers formed 

10 therein. 

[0027] Here, a design example of the radio wave ab- 
sori^lng sheet 4 having the stnjcture as shown In Fig. 4 
is Illustrated, Also, Rg. 5 shows radio wave absorption 
characteristic based on this design example. 
15 [0028] Here, the dielectric layer 41 is set to have a 
thickness of 200 \itn\ a real part s' and an imaginary part 
e" of a complex relative permittivity of 100 and 0.2, re- 
spectively; and a real part \i* and an imaginary part ^" 
of a complex relative magnetic peimeability of 1 , respec- 
tively. Also, the magnetic layer 42 is set to have a thick- 
ness of 200 jam, and a real part e' and an imaginary part 
e" of a complex relative pennittlvlty of 110 and 0.2, re- 
spectively. In Fig. 4, a return loss of a case where the 
complex relative magnetic permeability of the magnetic 
layer 42 fs changed is plotted, as the reflection property 
resulting from such a material. From Fig. 5, it can be 
ascertained that the usage of the material having a value 
close to a relative magnetic permeability of p.=40-30j en- 
ables a good absorption property of -20 dB or more to 
be obtained for an electromagnetic wave In a 2.2 GHz 
band. 

[0029] Next, Fig. 6 shows absorption characteristics 
for each frequency, according to the above mentioned 
design example. 

[0030] As the magnetic material having the values of 
the relative permittivity and the relative magnetic per- 
meability such as the above mentioned design example, 
it Is possible to use the FeCo containing material having 
a nano-granular organization. In Fig. 6, the return loss 
in a free space when the frequency of the electromag- 
netic wave Is changed is measured for the radio wave 
absorbing sheet 4 of the impedance matching type hav- 
ing the multi-layer structure in which such a magnetic 
material Is used for the magnetic layer 42, and the die- 
lectric layer 41 and the magnetic layer 42 have the val- 
ues indicated in the design example. As a result, a high 
absorption perfomiance of -25 dB is indicated at a fre- 
quency of 2.2 GHz. Moreover, even in a peripheral band 
with this 2.2 GHz as a center, good absorption perform- 
ances are indicated such as -20 dB in a band of 2.1 to 
2,2 GHz and -10 dB in a band of 1 .6 to 2.5 GHz. 
[0031] As mentioned above, in the present invention, 
the magnetic material in which the particle diameter fs 
controlled to be 1 to 1 00 nm to thereby generate the mi- 
cro organization configuration is used for the magnetic 
layer. Thus, it is possible to manufacture the radio wave 
absorber having the good absorption peri'onnance for 
the electromagnetic wave of the high frequency in spite 
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structure of the pyramidal radio wave absorber. In this 
pyramidal radio wave absorber 9, a magnetic layers 92 
having a plurality of cubically pyramidal shapes are 
formed on a surface of a conductor, such as a copper 
plate 91 provided on a wall surface and the like. Conse- 
quently, the radio wave absorber of the Impedance 
matching type Is formed. This magnetic layer 92 Is 
formed by injection molding using the paste-like material 
generated by the above mentioned method. In such a 
pyramidal radio wave absorber 9, it can be considered 
that the absorption characteristic Is gradually changed 
from a peak to a bottom of the pyramidal shape because 
of Its shape. Thus, It has the absorption performance for 
the electromagnetic wave in a wide frequency range. 
However, the usage of the above mentioned material as 
the magnetic layer enables the good absorption per- 
fonnance to be given to even the electromagnetic wave 
of a higher frequency. Incidentally In the pyramidal radio 
wave absorber 9, the pyramidal shape of the magnetic 
layer 92 is not only limited to the shape of the quadran- 
gular pyramid shown in Fig, 9. but also it can be applied 
to a circular cone, a comb-like shape and the like. 
[0039] Also, this paste-like material can be inserted 
into a dispenser and used as a sealing resin for IC and 
the like. In particular, when it is used as the scaling resin 
in a high frequency module, this provides an effect of 
preventing a mutual interference between an RF (Radio 
Frequency) signal and a BB (Base Band) signal. Also, 
when It is used as the mold sealing resin and the sem- 
iconductor sealing resin In an (C package, a magnetic 
particle fs required to have high resistance. Thus, a sur- 
face of a particle is coated with oxide such as AI203 and 
the like, or high resistance resin such as acryl and the 
like, then this particle is filled at a volume rate of 30 to 
60 % in the sealing resin or the mold resin such as epoxy 
resin and the like, and the sealing resin is generated by 
a method of an injection molding, a potting or the like. 
For example, when a thickness of the formed sealing 
resin is about 0,5 to 2 mm, the absorption perfonnance 
can be obtained for an electromagnetic wave having a 
frequency of about 30 MHz to 2.5 GHz. In this way, the 
usage of the paste-like material enables the electric 
wave absorbing function to be given to the mold sealing 
resin or the sealing resin of the semiconductor Thus, it 
is not necessary to have an extra space for installing a 
radio wave absorber around the semiconductor. Hence, 
the apparatus can be miniaturized, the manufacturing 
cost thereof can be hold down, 
[0040] IWoreover, in the outer casing 81 shown in Fig. 
8, the soft magnetic sheet 82 is fonned as the cavity 
resonance suppresser. However, it will be possible to 
make the cavity resonance suppresser by coating with 
the paste-like materials on a necessary surface of the 
outer casing 81 , or by forming tfie outer casing 81 Itself 
through the injection molding of the magnetic material 
having the nano-granular organization kneaded into the 
polymeric material constituting the outer casing 81 or 
other method. Especially in the latter method, the outer 



casing 81 Itself can be used as the cavity resonance 
suppresser Thus, a later counter-measure for the un- 
necessary electromagnetic wave during steps of man- 
ufacturing the apparatus can be simplified to thereby re- 

5 duce the manufacturing cost and also miniaturize the 
apparatus. In addition, the usage of the above men- 
tioned material can attain a radio wave absorbing sub- 
strate, a radio wave absorbing paste and the like, in 
which the product itself has the radio wave absorption 

10 performance. Also, a radio wave absorbing glass can 
be manufactured by mixing the magnetic material into 
transparent resin material while adjusting It so as to 
keep the transparency. 



[0041 ] As described above, in the radio wave absorb- 
er of the present invention, the magnetic material having 
the micro organization structure in which the particle di- 

20 ameter is controlled to 1 to 1 00 nm is used as the mag- 
netic layer. Thus, it becomes possible for the radio wave 
absorber to have the high electric resistance and the 
high relative magnetic pemieabliily for the electromag- 
netic wave of the high frequency, to have Increased ab- 

25 sorption performance, and to be made thinner and light- 
er Also, it is configured such that the conductor is ad- 
hered on the surface opposite to the incident surface of 
the electromagnetic wave in this magnetic layer. Hence, 
thethin radio wave absorber of the impedance matching 

30 type can be configured for the relatively far electromag- 
netic field at a distance not less than from the wave 
source. Moreover, this magnetic layer is formed by dis- 
persing the powder of the magnetic material including 
any of the material containing one or more of Fe, Co and 

35 Ni, and the alloy containing Mn, into the polymeric ma- 
terial. Consequently, it will be possible to provide a radio 
wave absorber more freely in its shape , such as a 
sheet, paste, an injection molding product and the like, 
and also possible to hold a manufacturing cost down. 

40 

Claims 

1. In a radio wave absorber for absorbing an unnec- 
45 essary electromagnetic wave, said radio wave ab- 
sorber characterized by comprising one or more 
magnetic layers containing a magnetic material 

having a micro organization structure in which a 
particle diameter is controlled to 1 to 100 nm. 

50 

2. The radio wave absorber according to claim 1, 
characterized in that a conductor is adhered on a 
surface opposite to an Incident surface of said elec- 
tromagnetic wave in said magnetic layer. 

55 

3. The radio wave absorber according to claim 1, 
characterized in that said magnetic material In- 
cludes any of a material containing one or more of 
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FIG. 3 
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